Mediators of Inflammation 5, 95-99 (1996) CO-CULTURES of porcine articular cartilage and synovium or synovial conditioned medium were used as an in vitro model to mimic inflammatory events at the cartilage/synovial junction in degenerative joint disease. This model provides a useful tool to assess the anti-inflammatory and antiarthritic properties of pharmacological agents. In this study the effects of copper and zinc on (i) PG synthesis by cartilage and (ii) synovial-induced PG depletion have been investigated. Copper sulphate at a concentration of 0.01raM did not stimulate PG synthesis significantly in cultured cartilage explants but completely abrogated the inhibRory effects of synovial tissue in co-culture experiments. This finding was supported by the histological demonstration of copper-dependent reversal of the PG depletion in cartilage exposed to synovial conditioned medium. Zinc sulphate at 0.01mM had no effect on PG synthesis and was unable to protect cartilage against synovialinduced PG depletion. These results reveal possible mechanisms by which copper exerts its anti-inflammatory and anti-arthritic actions.
Introduction
Copper and zinc are essential trace minerals known to have important roles in immune -and inflammatory -6 processes. Adequate amounts of both minerals are required for normal maturation and function of the immune system, and deficiency, particularly of zinc, results in diminished immune responsiveness due to inhibition of T cell-mediated cytotoxicity r and antibody production. It is also well established that dietary deficiency of copper and zinc correlates with enhanced acute inflammatory responses. 6, 9, 1 Although the therapeutic anti-inflammatory properties of copper and zinc have been extensively studied, both in human disease and in animal models, 1- surprisingly little is known about their mechanisms of action. Even less information is available concerning their anti-arthritic action. [14] [15] [16] In order to gain some insight into anti-arthritic mechanisms we used a co-culture model of cartilage and synovial tissue to mimic events occurring at the cartilage/synovial pannus junction, the site of the initial pathological process of rheumatoid joint disease. As a result of an inflammatory reaction the synovial membrane becomes infiltrated by immunocompetent cells to form the pannus which invades the cartilage surface and underlying bone. Concomitant triggering of the cytokine network and production of degradative enzymes leads to depletion of the extracellular matrix macromolecules proteoglycan and collagen, and eventually to joint destruction. Our in vitro co-culture model provides a useful tool for studying the mechanism of action of pharmacological agents on the cellular and mediator interactions which play a role in these destructive pathological processes. Fig. I(B) ). Concentrations (Fig. 3(B) ). Pre (Fig. 3(C) ) but higher concentrations increased copoe sulpoe the intensity of staining (0.01mM, Fig. 3(D) (Fig. 2(B) ). Fig. 4 .
The question as to whether copper affects NO production directly or via modulation of IL-1 synthesis and/or secretion is under investigation.
In conclusion copper, in contrast to zinc, seems to be able to protect cartilage from the destructive effects of mediators released by synovium.
Eects of Cu and Zn on proteoglycan metabolism Because loss of articular cartilage is the major pathological lesion common to all arthritides, copper chondroprotection may explain the therapeutic efficacy of this metal in maintaining cartilage integrity during the inflammation process.
